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Description 

INTEGRATED CIRCUIT AND METHOD 
FOR INTERFACING TWO VOLTAGE 
DOMAINS USING A TRANSFORMER 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates generally to an integrated 
circuit and method for interfacing two voltage domains 
using a transformer, and more particularly to an inte- 
grated circuit and method for maintaining the integrity of 
an input reference clock signal in the presence of a noisy 
chip environment. 

[0003] BACKGROUND OF THE INVENTION 

[0004] phase-locked loops (PLLs) are analog circuits that are em- 
ployed extensively in on-chip clock generation and redis- 
tribution systems. PLLs use phase/frequency correction to 
generate chip clock waveforms that in some way mimic 
the characteristics of an input reference clock signal. Ide- 



ally, the edges of the PLL-generated clock waveform are 
distributed to be precisely periodic, i.e., the duration of 
successive clock cycles are constant. Deviation from this 
ideal behavior is measured using a figure-of-merit called 
"clock jitter". Excessive clock jitter can be catastrophic and 
lead to system timing failures. 

[0005] one of the leading contributors to clock jitter is electrical 
noise, which can manifest itself as a delay variation in the 
PLL feedback loop, transient power bus or substrate noise 
at the PLL itself, or variations in the edge displacement of 
the (input) reference clock signal. 

[0006] As illustrated in FIG. 1, in at least one prior art circuit de- 
sign 20, a reference clock signal (not shown) generated by 
an off-chip clock generator circuit 21 is passed through 
an I/O receiver circuit 22, located in a digital region 23 of 
chip 24. To protect the receiver circuit from electrostatic 
discharge, or ESD (i.e., static electricity), the receiver cir- 
cuit input pad 25 is typically tied to an ESD protection cir- 
cuit 26 that clamps the input voltage to a level below the 
gate breakdown voltage of the receiver circuit. In common 
implementations, the input receiver, pad, and ESD circuits 
share their environment, i.e., power grid wiring, coupled 
capacitance, etc., with on-chip "noisy" circuits in the digi- 



tal chip region. This common environment often causes 
noise 27 to be coupled to the receiver input reference 
clock signal (not shown) that is passed to a PLL 28 in an 
analog region 30 of chip 24. As a result, electrical noise 
27 in prior art designs may cause excessive clock jitter. 
Summary of Invention 

[0007] one aspect of the present invention is a method of reduc- 
ing electrical noise coupling to a noise-sensitive chip in- 
put signal. The method includes the following steps: pro- 
viding input circuitry including a noise isolated trans- 
former; converting a noise-sensitive chip input signal to 
an intermediate signal using the transformer; converting 
the intermediate signal to a converted signal having a 
voltage level compatible with that of a predetermined 
logic level using auxiliary noise-isolated support circuitry; 
and using the converted signal as input to intended on- 
chip destination circuitry. 

[0008] Another aspect of the present invention is an integrated 

circuit designed to reduce on-chip noise coupling. The in- 
tegrated circuit includes the following: a circuit trans- 
former capable of converting a noise sensitive input signal 
to an output signal having a voltage compatible with a 
predetermined sink voltage logic level; and a biased re- 



ceiver transistor network having a PFET current mirror 
coupled with a NFET current mirror. The biased receiver 
transistor network is designed to multiply the transformer 
output signal to offset a mutual coupling loss of the 
transformer. 

[0009] still another aspect of the present invention is an inte- 
grated circuit designed to reduce on-chip noise coupling. 
The integrated circuit includes the following: means for 
converting a noise sensitive input signal to an output sig- 
nal having a voltage compatible with a predetermined sink 
voltage logic level; and means for multiplying the trans- 
former output signal to offset a mutual coupling loss of 
the transformer. 

[0010] other features, utilities and advantages of various embod- 
iments of the invention will be apparent from the follow- 
ing more particular description of embodiments of the in- 
vention as illustrated in the accompanying drawings. 

[0011] 

Brief Description of Drawings 

[0012] For the purpose of illustrating the invention, the drawings 
show a form of the invention that is presently preferred. 
However, it should be understood that the present inven- 



tion is not limited to the precise arrangements and instru- 
mentalities shown in the drawings, wherein: 
[0013] FIG. 1 is a simplified schematic of a prior art circuit in- 
cluding a PLL; 

[0014] FIG. 2 is a simplified schematic of a circuit including a PLL 

according to one embodiment of the present invention; 
[0015] FIG. 3 is a schematic diagram of a transformer and biased 

receiver circuitry, according to one embodiment of the 

present invention; 
[0016] FIG. 4 is a plot of voltage versus time for a simulation of 

the circuit illustrated in FIG. 3; and 
[0017] FIG. 5 is a plot of voltage versus time for a simulation of 

the circuit illustrated in FIG. 3. 
Detailed Description 

[0018] The present invention is directed to an integrated circuit 
and method for maintaining the integrity of an input ref- 
erence clock signal in the presence of a noisy chip envi- 
ronment. An example of the disclosed invention is de- 
picted in FIGS. 2 and 3, although it should be understood 
that the present invention is not limited to this (or any 
other) particular embodiment, but rather is intended to 
cover any integrated circuit or method that fairly falls 
within the broad scope of the appended claims. In the 



drawings, like elements include like element numbers. 
[0019] Referring now to the drawings, FIG. 2 illustrates a simpli- 
fied schematic of a circuit design 40 according to one em- 
bodiment of the present invention. An off-chip clock gen- 
erator circuit 42 supplies a reference clock signal (not 
shown), which is translated to the input of a PLL 44 via a 
circuit transformer 46, which provides significant and ef- 
fective physical isolation between its primary and sec- 
ondary windings (also not shown). Both PLL 44 and trans- 
former 46 are located in an analog region 48 of a chip 50 
and clock generator circuit 42 is located off-chip. In one 
embodiment, an integrated, i.e., monolithic transformer is 
used. 

[0020] Referring now to FIG. 3, circuit design 60 of the present 
invention includes a transformer 62 and a biased receiver 
transistor network, referred to as receiver 64 herein. 
Transformer 62 includes a primary side 66 and a sec- 
ondary side 68. Primary side 66 of transformer 62 is con- 
nected to a reference clock generator 70. Receiver 64 is 
connected to secondary side 68 of transformer 62. Re- 
ceiver 64 includes an NFET current mirror 72 and a PFET 
current mirror 74. The output of receiver circuit 64 is la- 
beled "OUT1". Although in one embodiment circuit design 



60 is most effective for the 1 to 2 GHz range, as one 
skilled in the art will understand, alternate designs within 
the scope of the invention may be utilized for other fre- 
quency ranges of operation. 
[0021] | n operation, when the reference clock generator 70 pro- 
vides no reference clock signal at the primary coil, i.e., 
primary side 66, of transformer 62, the transformer sec- 
ondary coil, i.e., secondary side 68, is simply a wire (i.e., a 
short circuit) connecting both NFET and PFET current mir- 
rors 72 and 74, respectively. While both NFET current mir- 
ror 72 and PFET current mirror 74 are conducting, output 
OUT1 will typically settle at a voltage level equal to VDD/ 
2, where VDD is the biased receiver network power supply 
voltage. When the reference clock generator 70 provides a 
switching signal (not shown), such as a clock or a sine 
wave at the primary coil, i.e., primary side 66, of trans- 
former 62, an alternating current is driven through the 
primary coil of the transformer. In this mode of operation, 
an equivalent current of scaled magnitude will be induced 
in the secondary coil 68 of transformer 62. The biased re- 
ceiver circuit mirrors this current modulation to its output, 
with a fixed multiplication factor. This multiplication fac- 
tor can be selected to offset the mutual coupling loss as- 



sociated with the particular transformer used. 
[0022] Referring now to FIG. 4, a simulation of circuit design 60 
with a 3V 2GHz input switching signal having a 20% to 
80% duty cycle, and an output amplitude of 1.5V is illus- 
trated. The input signal waveform is not shown. Signal 
NP1 is the waveform at the input, i.e., primary side 66, of 
transformer 62 and signal NOUT1 is the waveform at out- 
put OUT1 of receiver 64. The simulation shows that the 
output signal NOUT1 is successfully level-shifted from 3V 
to 1.5V, and the duty cycle of the input signal is pre- 
served. 

[0023] | n typical integrated circuit designs, each chip input pad is 
normally tied to a device structure that clamps the input 
voltage to a level below the gate-oxide breakdown voltage 
of the receiver. In embodiments of the present invention, 
the transformer physically decouples the input pad from 
thin device oxides and, therefore, less stringent, if any, 
ESD protection is required to maintain circuit reliability. 
FIG. 5 illustrates simulation results obtained from inject- 
ing an ESD-induced transient voltage onto primary side 
66 of transformer 62 in circuit design 60. Specifically, a 
"human-body model" (typical transient voltage "spikes" 
generated by the human body are in the range of 2-4 kV) 



was applied to discharge 4 kV onto the primary side 66 of 
transformer 62. Signal NVESD is the 4 kV voltage transient 
(at 1/ 100th scale with a fixed DC offset for better illustra- 
tion), and signals NS1 and NS3 are the waveforms at the 
transformer "outputs", i.e. on the secondary side 68 of 
transformer 62. The obtained result demonstrates a peak 
voltage swing of approximately 55 volts across the trans- 
former secondary winding, which would directly impose a 
55-volt transient on thin-oxide devices in the chip analog 
region (48 of FIG. 2). While this level does exceed typical 
device breakdown voltages, the ESD protection required 
for an event of this magnitude would require far less chip 
area than ESD circuits normally integrated at input re- 
ceiver chip pads. In fact, the total chip area requirement 
for transformer 62 with adequate ESD protection is ap- 
proximately equal to that of an input receiver circuit and 
its pad ESD structure in a typical ASIC library. Conse- 
quently, the transformer-based input scheme described 
here imposes no overall area penalty when compared to 
the conventional approach. 
[0024] The circuit designs according to the present invention 

minimize noise coupling and related clock jitter by elimi- 
nating the use of an external and noisy input receiver cir- 



cuit. A potentially noise-sensitive chip input signal is 
transferred directly to a transformer and noise-isolated 
supporting circuitry, where it is then delivered directly to 
its intended circuitry. The present invention circuit and 
method may be utilized to provide noise immunity for any 
signal being delivered from off-chip. 
[0025] while the present invention has been described in con- 
nection with specified embodiments, it will be understood 
that it is not so limited. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as 
may be included within the spirit and scope of the inven- 
tion as defined in the appended claims. 



